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KikGUURITL^  ObaUCViH  Hi  MHUiiJfaii  Of  LI(4lLilfi 
jm  DURING  IGMTION 

T.  1.  BllcoT 

1*  Th«  igoltion  tciqitrctur*  of  a  liquid  la  tha  lowaat  tamparatura  for  thla 
liquid  at  which  tha  aioarga&t  flaua  will  not  ba  aztinguiahad. 

ba  ahowad  [Ij  that  io  tha  caaa  of  tha  ignltioa  of  indiTidual  liquida  io  a 
oyliBdrioal  tuba 

wbara  £  ia  tha  8aturatad«vapor  praaaura  at  ignition  taoparaturat  p^  ia  tha  atmoaphario 
praaaurai  ia  tha  diataoea  of  tha  aurfaea  of  tha  liquid  from  tha  adga  of  .tha  tubai 

/)=r7,r)- 10' j  ia  tha  dlffualtlty  of  vapor  at  0°C|  ia  tha  ignition 

tamparatura  in  \{  3  ia  tha  numbar  of  i&olaa  of  ozygan  raqulrad  for  tha  ooubuation 
of  ona  oola  of  vapor {  ia  the  nuaibar  of  oolaa  of  ozygan  antaring  tha  flaaw  in  1 

aaci  R  ia  tha  univaraal  gea  oonatant. 

P.  0.  Ipatov  ahowad  [2j  that  ralation  (l)  holda  trua  for  binary  odzturoa  of 
liquida  if  wa  put 

Ih  '  7“’  ri  f  2  (2) 

Where  and  >'2  are  tha  aola  fractions  in  the  vapor  phase  of  the  mixture  ccmponanta. 

P.  G.  Ipatov  foucKi  the  ampirioal  dapandaneaa  of  tha  ignition  tanparatura  on  tha 

oo^>oaition  of  ideal  and  noBidaal  binary  nixturaa  of  liquid,  but  did  not  azplain 
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thM«  dapeodeoces.  In  this  papsr,  w«  attsupt  to  azplaln  tha  basic  ragularltiaa  in 

f/R'I  I  Jt  OF  7-  -  J 

tha  rariation  of  the  ignition  temperature  with  rariatlon  in  the  eoopoaition  of 
Biixturea  of  liquid  fUala* 

2.  It  follows  from  (l)  that  the  ignition  temperature  of  a  speolfie  liquid  and 
of  mixtures  of  liquids  is  equal  to  the  tenperature  at  which  the  saturated  Topor 
pressure  2  is  equal  to  1— exp  (•>bh)» 

Since  the  Talus  of  may  be  considered  the  same  for  various  materials,  given  an 

invariable  radius  of  the  tube  and  an  invariable  concentration  of  oxygen  in  the 
atidoaphere,  when  >  const  for  mixtures  of  liquids,  the  ignition  teoperatures  of 

which  do  not  greatly  differ,  we  may  assume  that 

then 

If  changes  slightly  with  a  change  in  the  oonposition  of  the  mixtures,  then 
at  the  given  value  of  ^  for  a  mixture  of  the  given  two  cooponents  const.  In  this 
case  the  dependence  of  the  ignition  temperature  on  the  oosposition  of  the 

liquid  and  the  vapor  phase  is  graphically  represented  by  curves  which  coincide  with 
the  curves  which  give  the  relation  between  the  boiling  temperature  and  the  con- 
position  of  the  phases  at  constant  pressure,  determined  by  relation  (l). 

It  is  clear  that  the  curves  of-^^(x)  and  ^^(y)*  when  ^  is  variable  will  differ 
from  9^(x)  and  ^^(y)  at  constant  pressure,  but  the  character  of  the  curves  9^  and 
will  be  the  sasw.  Thus,  in  the  case  of  nonideal  mixtures,  with  a  maximum  on 
the  pressure  curve  there  should  be  a  minimum  on  curves  ^^(x)  end  ^|(y),  while  the 
ignition  temperature  of  the  mixtures  is  lower  than  the  ignition  temperature  of  the 
mixture  cooponsats.  These  curves  were  obtained  by  F.  G.  Ipatov  in  *  study  of  the 

*  X  and  y  are  the  mole  fractions  of  a  component  in  solution  and  in  the  vapor 

phase. 
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follpwiug  iBtxtur«*t  •tbtnol  ♦  b«n®ea#  (»••  Fig.  l),  •thanol  ♦  tolu«M,  ipthanol  ♦ 

I  fIRhl  UN.':  '  ' 

*  btXlZtM* 

for  idxturM  vitb  •  alaif  on  tho 
prtsturt  ouTTeSy  th*  dtpoodoneo  of  ^ 
on  and  ^  should  bo  roprosontod  by  outtoo 
with  Tho  addition  of  ona  oob* 

ponant  to  anothar  in  this  eaaa  should  load 
to  ths  foraation  of  siixturss,  ths  ignition 
tssq;>araturas  of  which  arc  higher  than 

Fig.  1.  The  dspandsnos  of  tha 

ignition  tamparatura  on  tha  cem-  \  of  tha  pura  eomponants.  Tha  miniBO 
poaition  of  oixturaa  of  athanol 

and  banzana.  Baxioa  on  tha  ignition  ourTes  abould 

eorraapond  to  tha  azeotropic  ■aasuraa. 

In  those  oaaaa  where  the  mixturea  are  ideal  or  close  to  ideal,  tha  dapandaneas 
♦^(x)  and  should  be  raprasantad  by  nonotonic  curras  close  to  tha  corresponding 

boiling  curras,  which  is  also  confirmed  in  tha  work  of  Ipator  [2]. 

In  the  work  of  Ipator  [2j  it  was  found  that  for  ideal  mixtures  of  toluene  and 
benzene,  ^^(y)  Is  repreaentad  by  a  straight  line*  This  is  easy  to  explain  in  tha 
following  way.  For  ideal  mixturas 


P  —  Pio'T'  (P:a 


-  \)ji. 


where  p^^  and  P2q**’*  'be  saturated  rapor  pressures  of  pure  components  at  the 
ignition  temperature  of  the  mixture;  x^  and  y^  are  thymols  fractions  of  the  second 
coaponant  in  tha  solution  and  in  the  rapor  phase. 

If  the  ralua  of  t  'be  giran  mixtures  changes  only  slightly  when  changes  and 
if  is  constant,  tha  pressure  £  will  be  constant  for  all  practical  purposes;  let 
ua  designate  this  ralua  of  £  as  p*.  Then  from  (4)  we  find  that 

a'  9^  *  P’  Cl  ♦  (a'-l)y2J. 
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Lit  u«  aov  d«sigMt«  tLa  Ignition  tM^nratures  of  tha  aiztur*  and  of  tha  aaoood 

FIR'  -NE  ‘F  -f 

ooiq)onant  aa  and  maasurad  in  Lat  *  •  and  9/1^  «  1.  Now  va  nay 

aaauM  that 


Sinea  the  aaturatad  Taper  praaaura  is  dataxninad  by  the  relation  p  *  aa 
where  (1  ia  tha  molar  heat  of  Taporization 


where  p^^  ia  tha  aaturatad  vapor  praaaura  of  the  aaoond  eo^ponant  of  tha  mixture  at 
ignition  tamparatura  T^. 

^nea  tha  value  of  a*  ohangea  alightly  with  tamparatura,  it  followa  from  (3)  and 
(6)  that 

e  =  r  _r,=o  -  a,  =  o,-rc:i/:. 

n  n 

where  a^  and  a^  are  oonatant;  and  #^ara  the  ignition  taiq)eratux«s  of  the  mixture 
and  the  aaooud  component. 

Taking  into  ooneideration  the  fact  that  9^  •  y^  >  1  and  ^  ia 

tha  ignition  temperature  of  the  firat  component),  when  ■  0,  wo  will  have 

(7) 

Relation  (7)  agreaa  with  the  empirical  formula  found  by  P.  C.  Ipatov. 

3.  The  lowest  temperature  of  a  liquid  at  vhich  its  vapor  fornswith  air  a 
Bdxtura  which  ignites  in  the  presence  of  an  ignition  source  is  called  the  flash¬ 
point  of  n  liquid.  The  flash-point  9^  is  closely  related  to  the  low 

concentration  limit  of  the  ignition  of  a  mixture  of  vapor  and  air.  This  relation 
may  be  determined  in  the  following  wey.  The  ignition  liadt 
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.  100  = 


’  FIRST  LINE  OF  TExT 


'r< 


Pr 

^  + 


ion. 


wh«r«  and  7^  are  the  Toluaea  and  and  are  the  partial  praaauraa  of  rapor  aad 

air  ia  a  mixture.  Since  Py  *  P^t  whan  p^  3  7^  ih> 

P  =  7.6  A-.  (8) 

STidantly,  in  formula  (8)  £  e(iuala  the  aaturatod  vapor  presaur#  at  the  flash  point. 


Ilg.  2.  Pependence  of  the  ignition 
limit  on  the  Oompositlon  of  the 
mixtures t  1,  2,  and  }  are  the 
results  of  tests  [ jj  for  mixtures, 
respectively,  of  benzene  with 
toluene,  ethanol  with  benzene,  and 
acetone  with  benzene.  The  solid 
lines  were  calculated  from  foraula 
(lO).  The  value  of  ^  is  taken  as 
the  same  for  all  mixtures}  the 
value  C  -was  calculated  from  for- 
nula  (27.  £  are  the  mole  fractions 
of  benzene  in  the  vapor  phase. 


Since  the  flash  point 
close  to  the  ignition  temperature,  we  may 
use  the  above  relations  for  the  detenuina* 
tion  of  the  limit  of  troa  (l)  and  (3) 
when  4  is  constant  and  the  value  of  44  is 
small 

I)  ^  p^bh  AlDt'?- 

Bearing  in  mind  the  fact  that  the  values  of 
£  in  relations  (6)  and  (9)  are  similar,  wo 
may  write 


A’  =  B/D^,  B=com\. 


(10) 


It  can  be  seen  from  fig.  2  that  formula 
(10)  satisfactorily  describes  the  given 


data. 


In  conclusion,  it  should  be  noted  that  the  ignition  limit  of  mixturee  is  frequently 
determined  b;  the  Is  ChJtelier  principle.  This  principle, which  is  an  application  of 
the  displacement  principle  to  mixtures  of  liquid  fuels,  gives  results  cloae  te  those 
of  the  tests  in  a  number  of  cases.  If  ve  use  it,  we  would  need  six  empirical  con¬ 
stants  for  the  given  data  in  Fig.  2,  while  when  we  use  relation  (lO)  we  need  only 
one  ccinstant  determined  from  experiment. 
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